Little is known about the network of brain regions activated prior to explicit awareness of emotionally salient social stimuli. We investigated this in a functional magnetic resonance imaging study using a technique that combined elements of binocular rivalry and motion flash suppression in order to prevent awareness of fearful faces and houses. We found increased left amygdala and fusiform gyrus activation for fearful faces compared to houses, despite suppression from awareness. Psychophysiological interaction analyses showed that amygdala activation was associated with task-specific (fearful faces greater than houses) modulation of an attention network, including bilateral pulvinar, bilateral insula, left frontal eye fields, left intraparietal sulcus and early visual cortex. Furthermore, we report an unexpected main effect of increased left parietal cortex activation associated with suppressed fearful faces compared to suppressed houses. This parietal finding is the first report of increased dorsal stream activation for a social object despite suppression, which suggests that information can reach parietal cortex for a class of emotionally salient social objects, even in the absence of awareness.
INTRODUCTION
Emotional stimuli summon our attention more than neutral stimuli. Fearful faces, an emotive social stimulus, are particularly compelling, and effectively capture our attention. This is potentially due to the role of fearful faces as a warning to other conspecifics of nearby threat and represents an evolved mechanism to automatically detect stimuli important for survival (Ekman and Friesen, 1971; LeDoux, 1996; Ohman et al., 2000, Anderson and Phelps, 2001) . Emotional stimuli have a privileged processing status, attributed to the automatic engagement of selective attention by emotionally salient objects (Vuilleumier and Schwartz, 2001; Vuilleumier, 2005) .
Even when emotional stimuli are presented very briefly or outside of the focus of attention or awareness, they are processed with increased efficacy compared to non-emotional stimuli. One paradigm that has been used to investigate processing of emotional or arousing stimuli is the interocular technique of continuous flash suppression (CFS; Tsuchiya and Koch, 2005) . Behaviorally, this technique can be used to measure differences in the detectability of different stimuli. Briefly, a target is presented to the participant's non-dominant eye and a continuous flow of 'noise' images (e.g. Mondrian-like patterns) is presented to the participant's dominant eye. CFS causes awareness of target stimuli to be temporarily suppressed from conscious perception. The target stimulus eventually 'breaks through' to conscious perception and time to break through of various stimuli can be compared. Using CFS, it has been demonstrated that highly salient social stimuli such as fearful faces (vs neutral faces), upright faces (vs inverted faces) and faces with direct gaze (vs averted gaze) break through to awareness faster (Jiang et al., 2007; Yang et al., 2007; Stein et al., 2011) . Thus, arousing or motivationally relevant stimuli are prioritized during visual processing, but how this occurs is not well understood.
At the neural level, fearful faces and other emotional stimuli engage the amygdala, which is particularly reactive to signals of impending threat or biological relevance, such as fearful faces (LeDoux, 1996; Davis and Whalen, 2001; Adolphs, 2002; Phelps and Ledoux, 2005) . Regardless of whether fearful stimuli are presented subliminally or supraliminally, the amygdala is robustly activated in many neuroimaging studies (Whalen et al., 1998; Anderson et al., 2003; Glascher and Adolphs, 2003; Wager et al., 2003) . The amygdala plays a role in guiding endogenous attention toward emotionally salient stimuli (Adolphs, 2008; Pessoa, 2010) . For social perception, it is important for spontaneously attending to salient parts of the face, such as the eyes (Whalen et al., 1998; Whalen et al., 2004; Adolphs, 2005; Adolphs, 2010) . Patients with bilateral amygdala damage do not show this automatic fixation toward the eye region of faces, nor do they show the enhanced perception for aversive stimuli present in healthy observers (Anderson and Phelps, 2001; Tsuchiya et al., 2009) . This is thought to be due to impaired bottom-up (e.g. stimulus-driven or feature-based) attention in patients with amygdala lesions (Kennedy and Adolphs, 2010) .
One proposed route through which the amygdala may receive low-level visual information is via a subcortical visual pathway, although its existence is controversial (Pessoa and Adolphs, 2010) . We have previously demonstrated differential responses in regions associated with the subcortical visual pathway (including the amygdala, pulvinar and superior colliculus) for unperceived faces compared to chairs using binocularly rivalry and motion suppression (Pasley et al., 2004) . Additional evidence for the processing of emotional stimuli in the absence of awareness comes from patients with 'blindsight' who have sustained a primary visual cortex (V1) lesion that prevents conscious vision in the corresponding portion of the visual field. Despite these lesions, patients with blindsight exhibit residual abilities to detect visual stimuli, suggesting this information can be still processed. Morris and colleagues (2001) used functional MRI (fMRI) to demonstrate increased amygdala activation in response to emotionally expressive faces in a blindsight patient, and these patients can also learn aversive associations with neutral stimuli presented in their blind hemifield (Anders et al., 2004) . This suggests information can reach the amygdala and influence behavior without conscious awareness.
Conscious awareness is likely a continuum, rather than a dichotomous event. Between unawareness and awareness exist other states. For example, 'implicit awareness' refers to a state during which stimuli cannot be explicitly reported, but have a measureable impact on subject performance. 'Explicit awareness' occurs when visual events can be explicitly reported by the subject (Kihlstrom et al., 1992; Mack and Rock, 1998) . Selective attention can operate at any stage of this continuum, with largely unconscious attentional mechanisms thought to operate on stimuli, with the outcome of visual awareness sometimes resulting from this attentional step (Crick and Koch, 1990) . Thus, attention can select invisible objects. Although we do not manipulate attention in the current design, any processing differences between stimulus categories may reflect attentional mechanisms operating prior to awareness.
CFS in conjunction with fMRI provides a useful framework for examining neural responses to objects that are not explicitly perceived but nevertheless processed. Prior studies utilized binocular rivalry and CFS techniques to understand neural responses to different object categories. Most early binocular rivalry neuroimaging studies examined neural responses to alternations in stimulus dominance (Tong et al., 1998; Polonsky et al., 2000) . More recent neuroimaging studies utilized CFS and required participants to search for object stimuli and report when they detect such stimuli (Pessoa et al., 2005; . These experiments answer specific questions regarding the threshold of awareness.
The current study used a CFS-like paradigm to examine neural responses to fearful faces compared to a class of neutral stimulii.e. houses. Unlike most other CFS studies, the current design does not involve an explicit search task, and was not designed to compare brain activity when targets are seen vs unseen. Rather, the goal here was to examine purely non-conscious processing of emotional stimuli. Participants performed a task that was orthogonal to the underlying fearful face vs house manipulation, and trained to respond if they saw anything other than the blue disk or the dynamically moving checkered grid. Using this approach, we were able to capture neural responses to suppressed stimuli in the absence of search strategies. This study follows-up our previous work, which found significant subcortical activation in the amygdala, pulvinar and superior colliculus in response to suppressed fearful faces but not suppressed chairs (Pasley et al., 2004) . The current study improves upon our previous work in several ways: use of a more visually complex suppressed control (houses instead of chairs) allowed us to examine responses in the fusiform and another higher-level control region (parahippocampal place area, PPA). We also employed a language-based instead of object-based orthogonal task, which allows for detection of differences in the ventral visual pathway that could have been obscured by the complex visual object task used previously. Finally, while our previous work imaged only the ventral visual pathway and subcortical structures, the full brain coverage collected in the current design is crucial to understanding the whole-brain network involved in non-conscious processing of emotional stimuli. Because amygdala responses in the absence of explicit awareness are thought to play a role in prioritizing selection mechanisms and ultimately influencing behavior, we additionally employed a psychophysiological interaction (PPI) analysis to characterize the network of activity associated with a fearful facespecific amygdala response.
MATERIALS AND METHODS Subjects
Sixteen adults from Yale University with normal or corrected-tonormal vision were recruited to participate in the study. Four subjects were excluded from analysis: three subjects experienced failure of binocular suppression during fMRI scanning: one reported clear, conscious perception of faces and houses during the task and two participants reported seeing intermittent eyes or 'parts of faces'. The fourth subject excluded from the study reported that he 'guessed' the content of the suppressed stimuli based on his knowledge of the laboratory's research interests. All 12 remaining subjects (6 females, mean age ¼ 22.9 years) reported complete unawareness of the face and house stimuli. All participants gave written informed consent in accordance with procedures approved by the Yale University's Institutional Review Board and were paid for their participation.
Experimental procedure
Participants wore custom red/blue anaglyph glasses, made to accommodate both left and right eye dominance. Eye dominance was determined using a variant of the Miles test (Miles, 1929 (Miles, , 1930 . Because of the importance of full suppression of the non-dominant stimulus to the current investigation, participant eligibility for study inclusion was determined through individual behavioral pretesting of the rivalry effect. Only individuals reporting complete suppression and dominance in response to rivalrous stimuli were considered for fMRI scanning. Pretesting was completed in the context of unrelated behavioral testing for other laboratory experiments, and participants were unaware that their responses to presented stimuli impacted eligibility for the current investigation. The experimenter briefed participants on the binocular rivalry effect and explained that they would be asked to view and comment on a set of rivalrous stimuli. Participants were told that the stimuli would be utilized in future fMRI studies and the importance of honest, thorough reporting was emphasized. Using anaglyph glasses, participants viewed rivalrous stimuli with a dynamic red checkerboard and centrally presented word presented to the dominant eye and blue abstract shapes to the non-dominant eye. Participants were introduced to the phenomenon of breakthrough to prepare them for reporting any experiences of breakthrough during the test procedure.
Participants viewed 16 alternating blocks of suppressed faces and suppressed houses. Eight 10 s blocks of each rivalrous condition appeared across the duration of the experiment, separated in each instance by an equal-duration block of rest. Four 2.5 s trials were presented consecutively within each block.
During the test procedure, stimuli were back-projected onto a translucent screen mounted at the rear of the MRI gantry and were viewed through a periscope prism system on the head coil. Each trial began with a 500 ms monocular presentation of a blue disk to the non-dominant eye. To induce independent perception of the intended dominant and suppressed stimuli through the anaglyph glasses, checkerboard images were defined by red luminance and suppressed stimuli were defined by blue luminance. Following presentation of the blue disk, a red checkerboard with a centrally presented word appeared to the dominant eye and began moving sharply back and forth ( Figure 1 ). Accompanying the checkerboard display, the blue disk displayed to the non-dominant eye gradually faded into the target presentation of a blue fearful face or blue house. The target stimulus faded again to a blue disk after $1.5 s. The participant's task was to identify the first letter of each word as a consonant or vowel as soon as they were able to identify the letter. If participants saw anything other than the blue disk or checkerboard (such as objects or parts of objects) in any trial, they were trained to press a third key. A single catch trial at the end of the experiment (in which breakthrough from interocular suppression is mimicked by presenting stimuli to both eyes) was used as an additional probe to determine if participants perceived the subliminal stimuli presented prior to the catch trial. All subjects responded appropriately to the catch trial that simulated breakthrough. If it was determined via button press, catch trial or post-scan debriefing that subjects perceived objects or parts of objects, this data were not used in the analysis (see Subjects section for individual subject details). This method allowed us to obtain a report of participant awareness of the stimuli, without biasing participants to look for stimuli, allowing us to achieve the ultimate goal of a long-duration scanning session in the absence of awareness.
A functional localizer scan followed the main scan, in which participants made same or different identity judgments (i.e. subordinatelevel discrimination) on unfamiliar faces or houses, presented in a blocked design. Two images of faces or houses were presented sideby-side on a black background for 3500 ms (followed by a 1000 ms interstimulus interval), with four 22.5 s blocks of each stimulus type separated by a 10 s rest period during which two asterisks were presented side-by-side on the screen. This localizer scan served to identify face-and house-selective regions (fusiform face area; FFA and parahippocampal place area; PPA) for functional region-of-interest (ROI) analyses.
MRI acquisition
Scans were performed at Yale University on a 3 T Siemens Trio scanner equipped with a standard quadrature head coil (40 axial slices parallel to the AC-PC plane, whole-brain coverage, in-plane voxel size ¼ 3.516 Â 3.516 mm, slice thickness/gap ¼ 3.5/0 mm, TR ¼ 2320 ms, TE ¼ 25 ms, flip angle ¼ 608, 127 volumes collected in one functional run). High-resolution T 1 -weighted 3D anatomical data were also acquired (MPRAGE, TR ¼ 2530, TE ¼ 3.66, TI ¼ 1100, flip angle ¼ 78, resulting in 1 mm 3 voxels).
Stimuli
Visual stimuli were gray scale images of 32 fearful faces and 32 houses. Faces were from the Ekman stimuli (Ekman and Friesen, 1976) Words of low imagability and relatively low age of acquisition were chosen for the experiment from the UWA MRC Psycholinguistic Word database. The thirty-two words were: Might, Excuse, Lie, Age, Luck, Aim, Sense, Edge, Amount, Escape, Gain, Whole, Ideal, Moment, Act, Reason, Bother, Try, Extra, Object, Find, Answer, Clever, Usual, Wonder, Order, Issue, Bet, Area, Item, Normal and Repeat. Words were repeated one additional time across the length of the experiment, such that suppressed face and suppressed house conditions contained the same number of repeated words. Centered within the checkerboard, each word was displayed in Arial font of mixed case, with the first letter of each word capitalized and the other letters lowercase. Participants performed near ceiling on this task [96.8 ( AE 0.05)% accuracy overall] and there were no differences in accuracy between the face and house blocks.
Data analysis
Anatomical ROI Functional data were processed using tools from the Oxford University Centre for fMRI of the Brain (fMRIB) Software Library (FSL 4.1, http://www.fmrib.ox.ac.uk/fsl/). Data were motion corrected, with resulting movement parameters subsequently entered as covariates in statistical analysis. We used fMRI Expert Analysis Tool version 5.2 to submit functional data to a mixed-model random-effects analysis. Data were spatially smoothed using a Gaussian filter with a full-width half-maximum (FWHM) of 5 mm, a 40 s high pass filter was applied to remove low frequency artifacts, pre-whitened using FILM to minimize temporal autocorrelations in the data and non-linearly registered to the Montreal Neurological Institute (MNI) template using FNIRT (http://www.fmrib.ox.ac.uk/fsl/fnirt). We included two regressors of interest (faces and houses), which were convolved with a doublegamma hemodynamic response function (HRF) waveform, and a voxel-wise general linear model was implemented to identify regions showing significant task-related activation for each condition. ROI analyses were implemented to identify task-related differences in the amygdala, based on our a priori hypothesis. Normalized estimates from the main effects of suppressed faces and suppressed houses were extracted from left amygdala using the Harvard-Oxford Amygdala guidance of attention to fearful faces SCAN (2014) subcortical atlas (distributed with FSL). Average values for each individual were entered into a t-test for significance testing.
Functional ROIs
Data from the functional localizer were preprocessed and analyzed identically to experimental data, with face and house blocks included as regressors of interest. Two ROIs were defined in each subject using data from functional localizer scans. Both were 4 mm spherical ROIs drawn around the peak voxel from the appropriate contrast of interest. The fusiform ROI was selected based on the region surrounding the most selective voxel (voxel with highest t-statistic) within the fusiform gyrus responding more to faces than houses. The parahippocampal ROI was selected as the region surrounding the most selective voxel within the posterior parahippocampal/collateral sulcus region.
Connectivity
In order to perform a PPI analysis incorporating the hemodynamic deconvolution procedure implemented in SPM, individual participants' data were remodeled in SPM8 (Wellcome Trust Centre for Neuroimaging). Individual subject-level analyses were remodeled by realigning to the first image, coregistering to the structural image, and normalizing to the MNI space. Images were then spatially smoothed with a 5 mm FWHM Gaussian Kernel. Each block was convolved with a HRF to produce a predicted neural response, with additional regressors included for motion. Subject-specific amygdala peaks were identified as a 4 mm sphere surrounding the maxima within the amygdala ROI, for the suppressed face greater than suppressed house contrast. For each ROI, the first eigenvariate of the time series was extracted to summarize the time course of activation. Neural activity was then estimated using a simple deconvolution model; the estimated neural activity was then multiplied by the psychological variable (faces vs houses) and reconvolved with a canonical HRF to obtain an interaction term. Individual subjects' data were then modeled using the ROI time course, psychological variable (i.e. stimulus type: suppressed faces vs suppressed houses) and interaction term as regressors. Contrast images were created for the interaction term, which reflected correlations between the seed region that differed depending on stimulus category. These single-subject contrast images were then entered into a second level analysis to test for group effects.
To control for multiple comparisons, we used threshold-free cluster enhancement (TFCE) (Smith and Nichols, 2009) , which determines statistical significance using permutation labeling, with the -level set at P < 0.05.
Whole-brain general linear model
In addition to the ROI and PPI analyses, we also performed a wholebrain general linear model in order to assess whether unexpected regions were activated for one condition compared to another. As with the PPI analyses, multiple comparisons were controlled using a permutation method with the -level set at P < 0.05 (corrected using TFCE for whole-brain significance).
RESULTS

ROI analysis
We defined an a priori left amygdala ROI, based on our previous finding of increased left amygdala response to unperceived faces (Pasley et al., 2004) . Increased amygdala activation is associated with fearful face processing (Morris et al., 1996) , and is thought to influence a rapid fear-or threat-related response. We examined differences in bilateral amygdala activation for the two suppressed conditions and found greater left amygdala activation for suppressed faces than suppressed houses (t ¼ 2.5, P < 0.05; Figure 2A) , consistent with our a priori hypothesis and previous work. There were no significant differences between the two suppressed conditions in the right amygdala. Next, we examined activation in our functional ROIs, including the FFA and PPA, separately for each hemisphere ( Figure 2B ). We find significantly greater activation in left FFA for suppressed fearful faces compared to suppressed houses (t ¼ 2.2, P < 0.05), while this same comparison in right FFA was not significant (t ¼ 1.1, P ¼ 0.299, n.s.). There was no significant difference in activation in left or right PPA for suppressed fearful faces compared to suppressed houses (left: t ¼ 1.4, P ¼ 0.204, n.s.; right: t ¼ 1.2, P ¼ 0.267, n.s.). In our previous study, we found that amygdala activation associated with suppressed fearful faces was not accompanied by increases in fusiform cortex, which is contrary to the current findings.
Functional connectivity analysis
The amygdala is thought to guide attention toward objects of biological relevance. Based on our previous finding of amygdala-pulvinar connectivity (Pasley et al., 2004) , we anticipated that amygdala activation would be associated with increased connectivity to the pulvinar and potentially other regions not covered by our previous slice selection. To examine this hypothesis, we employed a PPI analysis (Friston et al., 1997) . A PPI analysis identifies regions that covary with a given reference region in a condition-specific manner. The PPI analysis revealed increased connectivity between amygdala and multiple regions implicated in visual attention, including bilateral pulvinar, bilateral insula, left frontal eye fields, left inferior parietal and early visual cortex for non-conscious faces compared to houses (Table 1, Figure 3A and B).
Whole-brain general linear model
Perceptually suppressed fearful faces produced significantly greater activation compared to suppressed houses in left parietal cortex (Figure 4) . Regions included the left angular gyrus (42, À56, 32; t-value: 4.8) and left posterior parietal cortex (30, À70, 50; t-value: 5.7). These two parietal regions were the only regions of significant activation. There were no regions of increased activation for suppressed houses greater than suppressed fearful faces.
DISCUSSION
We hypothesized that the tendency for people to prioritize fearful faces compared to neutral, non-social stimuli corresponds to differences in amygdala responsivity. To test this, we suppressed fearful faces and houses while participants performed an orthogonal letter-detection task. This method allowed us to examine neural responses to two object categories without invoking a search strategy in participants (e.g. 'Search for a face and report when this search is successful'). Because search is known to heighten perceptual awareness and activate object-selective cortices (Peelen et al., 2009) , any corresponding activation would conflate the influences of stimulus-driven attention (e.g. bottom-up) and goal-directed search (top-down). By explicitly not using a search paradigm, our results should better reflect stimulusdriven networks. We found increased left amygdala activation for suppressed fearful faces as compared to suppressed houses, replicating our previous work (Pasley et al., 2004) . The increased amygdala response was accompanied by significant fearful face-specific activation in object-selective cortices, with fearful faces increasing activation in left fusiform cortex. Examination of whole-brain and PPI analyses revealed significant differential findings in regions involved in attention, including bilateral insula, pulvinar and early visual cortex, as well as a region of left inferior parietal cortex and left frontal eye fields. Together, these results suggest that the amygdala guides attention to emotionally salient objects, like fearful faces, even in the absence of visual awareness.
These findings represent an advance on previous work, which typically focused on differentiating neural activation to faces below and above the threshold of implicit awareness. Implicit awareness refers to seeing that occurs when visual stimuli cannot be explicitly reported, but have measurable impact on subject performance. In contrast, explicit awareness occurs when subjects can explicitly report a visual event (Kihlstrom et al., 1992; Mack and Rock, 1998) . This differentiation is not necessarily dichotomous; however, and may represent a continuum of awareness. Participants included in the current analysis had no explicit awareness of the stimuli, and thus we interpret associated activation to reflect processes prior to explicit awareness. Because we found that fearful faces engage both emotional (amygdala) and attentional (pulvinar, parietal) resources prior to explicit awareness, this activation may represent the mechanism by which motivationally salient stimuli are prioritized in attention and enhanced by amygdala activation. Thus, we expect that with a longer presentation, fearful faces would reach awareness more quickly as a result of pre-conscious attention. Consistent with this expectation, results of a behavioral breakthrough from CFS study using the same face and house stimuli found that participants detect suppressed fearful faces much more quickly than suppressed houses (P < 0.001; see Supplementary Data for details).
We found unexpected activation in aspects of the inferior parietal cortices to suppressed faces vs houses. An important unresolved question is how this information reaches parietal cortex. We see three possibilities. One possibility is that information can 'leak through' suppression from a magnocellular pathway, projecting more heavily to dorsal visual regions involved in spatial processing, rather than to ventrotemporal object recognition regions (Livingstone and Hubel, 1987) . Under this hypothesis, information reaching parietal cortex may influence behavior by shifting attention to the regions of space where this information is 'leaking through'. Another hypothesized route by which information from the suppressed eye can reach parietal regions is the subcortical pathway. This phylogenetically older pathway consists of the superior colliculus, pulvinar nucleus of the thalamus and the amygdala, and is thought to process crude visual information quickly, in order to activate a rapid response to threatening stimuli (for review, see Johnson, 2005) . A final path by which visual information from a suppressed stimulus may influence allocation of neural resources and consequently, behavior, is via integrative functions in the pulvinar nucleus of the thalamus. The pulvinar is a retinotopically organized nucleus of the thalamus, with robust bidirectional connections to multiple cortical and subcortical regions (Sherman and Guillery, 2002; Shipp, 2003) and rudimentary visual abilities (Fischer and Whitney, 2009 ). Pulvinar-amygdala connections are thought to underlie increased amygdala activation to fearful stimuli in the absence of awareness. This is supported by our previous functional imaging work (Pasley et al., 2004) , as well as observations from patients with lesions to either amygdala (Vuilleumier et al., 2004) or pulvinar (Ward et al., 2006) , who show impaired processing of social stimuli. Transient inactivation of the pulvinar leads to a spatial neglect syndrome in macaque monkeys, while lesions of the pulvinar in humans can lead to inabilities to filter out salient distractors (Snow et al., 2008; Wilke et al., 2010) . On the basis of the connectivity of the human pulvinar, it may serve as one nexus to integrate signals from multiple regions (including the amygdala and insula in the current study), in order to generate signals regarding the biological relevance of the stimulus.
Other evidence that emotional stimuli can be processed without awareness comes from patients with partial cortical blindness or 'blindsight'. Despite absence of awareness, blindsight patients nevertheless are influenced by and act on stimuli within their blind hemifield. In a particularly informative study, blindsight patients were trained to associate neutral face expressions with a threatening Fig. 2 Effects of unconscious faces and houses in (A) amygdala and (B) FFA and PPA. (A) Amygdala regions determined by the Harvard-Oxford atlas. Significantly greater activation for left amygdala for suppressed faces than suppressed houses (P < 0.05). (B) FFA and PPA ROIs. ROIs were defined as a 4 mm sphere around the peak voxel for face-and house-selective regions with peaks defined based on an independent localizer scan. Significant activation for suppressed fearful faces (compared to suppressed houses) were only observed in the left FFA. Correlations between amygdala, FFA and PPA regions (x-axis) and normalized estimates (y-axis) for two representative subjects, with face blocks represented in red and house blocks in blue. Seed region was a 4 mm sphere around each individual's left amygdala peak. Results are corrected for multiple comparisons using TFCE (see Materials and Methods section for details). Regions correspond with Figure 3A .
Amygdala guidance of attention to fearful faces SCAN (2014) sound prior to an fMRI experiment. When the conditioned visual stimulus was presented to the blind hemifield of these patients during an fMRI scan, activation in left parietal cortex was enhanced compared to unconditioned faces (Anders et al., 2004) . The locus of the left parietal activation in the study by Anders and coworkers is very similar to the left parietal activation demonstrated in the current design for suppressed fearful faces compared to houses. In another study, emotionally expressive faces presented in the blind hemifield of a blindsight patient increased amygdala activation (Morris et al., 2001) . Thus, this enhanced processing is thought to be due to engagement of the amygdala. In another study using an active search paradigm, healthy participants were cued to spatial locations prior to performing a search task, in which they had to locate a tilted face among an array in a cued visual search task (Mohanty et al., 2009) . The cues could either be spatially and/or emotionally informative or uninformative. Spatially informative cues enhanced regions of the intraparietal sulcus, frontal eye fields and fusiform gyrus, as well as superior parietal cortex and supplementary motor areas. Negative emotional cues activated the amygdala, insula and fusiform, as well as the orbitofrontal cortex, subcollosal gyrus and posterior cingulate. Authors concluded that active search for threatening stimuli may benefit from amygdala input to the spatial attention network and contribute to the compilation of a salience map that combines the spatial coordinates of an event with its motivational relevance. We show a very similar network of activation, but participants are performing a completely orthogonal task that does not engage an active search for stimuli. Thus, this is the first report of amygdala guidance of attention using an interocular suppression technique while participants are not engaged in active search for the stimulus. These results suggest emotionally relevant stimuli may also inform such a salience map even when they are not explicitly perceived, and even when participants are not actively searching for a motivationally relevant target.
A notable difference between the current findings and our prior study (Pasley et al., 2004 ) is activation in higher-level visual regions for suppressed fearful faces instead of houses. One potential role of amygdala activation is to prime the computational activities of the FFA, in order to increase the likelihood that visual representations with affective value reach awareness (Duncan and Barrett, 2007) . The current results are consistent with this role for the amygdala. In addition, our prior design used a complex visual object task that might lead to a ceiling effect in the detectable activation differences between subliminal object images. Thus, perhaps using a language-based orthogonal task in the current design allowed us to better detect signal in higher-level visual cortex caused by the undetected images. Increased fusiform in the absence of awareness is consistent with work by . Authors examined activation in regions of the face network (FFA and superior temporal sulcus) while face stimuli were rendered invisible using CFS. Bilateral FFA activation was measurable, albeit much reduced, compared to a fusiform activation in response to visible faces. However, it should be noted that Jiang and He used an explicit face search task. Thus, any corresponding activations could be due to the activation of a search template, as merely searching for faces can activate ventral visual cortex (Peelen et al., 2009) . Because participants in the current study were not searching for faces, our results are more consistent with an amygdala priming fusiform account.
Although parietal activation has been previously found in the absence of awareness, this is the first report of parietal activation in response to emotional, social stimuli (fearful faces) compared to non-emotive, non-social stimuli (houses). We interpret these findings from two potential perspectives: (i) an increased parietal response due the link between fear and action (e.g. to mitigate potential personal harm), similar to how tools are related to action and (ii) an increased parietal response reflects increased demands on attentional resources or altered spatial attention. The first possibility stems from previous studies using CFS to test the hypothesis that information processing in parietal cortex/dorsal stream regions is biased toward manipulable objects. One fMRI study examined categorical activation differences for CFS-suppressed tools compared to suppressed neutral faces, and found greater activation in dorsal stream regions for tools (Fang and He, 2005) . Dorsal steam activation was ascribed to its association with tools, due to its importance in reaching and grasping. In a behavioral priming study using CFS, unperceived category congruent primes facilitated object categorization for man-made tools, but not for animals (Almeida et al., 2008) . Again, these findings were interpreted as a category-specific processing advantage for objects associated with grasping or manipulation (and thus, increased reliance on the dorsal stream), although recent work suggests this effect is for any elongated or manipulable shape (Sakuraba et al., 2012) . Thus, prior work has interpreted parietal activation as due to the manipulable/action-related nature of the objects under study. However, we report similar activations using classic ventral stream-associated objectsi.e. faces. From an evolutionary perspective, fear is very closely linked to action, and thus fearful faces may activate a similar pathway to non-conscious tools, with parietal cortex activation reflecting the launch of a motor preparation plan. Thus, emotionally laden information might also reach parietal cortex in order to serve action preparation. As we only used fearful faces in the current design, we cannot parse whether this effect is due to the emotional or social nature of these stimuli. Other studies have found faster breakthrough from suppression for fearful faces compared to happy or neutral faces (Yang et al., 2007) , suggesting a fearful face advantage. However, we cannot be sure the current fMRI findings will not generalize to other emotional or salient facial expressions.
An alternate interpretation within an attentional framework is that the increased parietal activation is associated with altered attention due to the increased effort devoted to the vowel/consonant detection task. Emotional stimuli could produce increased processing and serve as a distractor, creating competition for resources and thus requiring increased effort and attention in order to complete the language-based task presented to the dominant eye.
A second possibility is that parietal cortex activation reflects altered spatial attention. More specifically, this region may reflect a comprehensive priority map for target selection that integrates bottom-up demands on attention and top-down goals. Determining the most relevant stimuli in complex settings likely relies on the coordination of a distributed network of cortical and limbic regions involved in various aspects of perception. Consistent with this idea, recent work has focused on systems-based perspectives, reflecting limbic modulation of non-conscious vision when the content is emotional (Pessoa and Engelmann, 2010; Tamietto and De Gelder, 2010) . Several studies have demonstrated the influence of arousal on visual attention. Adults responded with increased spatial attention to pictures depicting food stimuli relative to tools only after food and water deprivation (Mohanty et al., 2008) . Arousing, erotic images rendered invisible with CFS can attract or repel observers' attention, influenced by gender and sexual orientation . Learned associations also influence visual attention: advantages in overcoming suppression induced by CFS have been demonstrated for fearful vs neutral faces, and Chinese vs Hebrew characters for Chinese observers (Jiang et al., 2007) . In a study pairing biological reward with line gratings suppressed from awareness using CFS, individuals were more accurate in discriminating gratings previously paired with water rewards (even when 'unseen') (Seitz et al., 2009) . Thus, results from several veins of research implicate contributions of emotion, arousal or biological relevance to stimulus prioritization in breakthrough from interocular suppression.
To summarize, we found that suppressed fearful faces were associated with increased activation in the left parietal cortex, left amygdala and left fusiform gyrus, and increased task-dependent correlations between the left amygdala and the pulvinar, insula, frontal eye fields, intraparietal sulcus and early visual cortex. This suggests that these regions evaluate visual stimuli despite a lack of explicit awareness. We interpret these correlations as amygdala-dependent modulation of a network of regions that serve to evaluate pre-attentive stimulus value in order to prioritize locations of future target selection. Contributions of several regions can then be integrated via thalamocortical connections and an overall salience value computed in parietal cortex. When this information is integrated, the pulvinar has the anatomical connections necessary to generate a signal to re-orient attention via eye-gaze shifts, generated by intraparietal cortex and frontal eye fields.
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